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Potentials of Automatic Seafloor Classification 
from Multibeam Backscatter Data
The potentials and limitations of an automated seafloor classification in FMGT were ex-
amined with regard to the quality of processed backscatter datasets acquired from dif-
ferent survey locations and different multibeam systems. Analysis of the results suggests 
that the models implemented in FMGT enhanced the correlation between backscatter 
return strengths from different seafloor types and its associated grain sizes, irrespective 
of the multibeam type 
or the location the data 
was acquired. Results 
were further improved 
and verified with avail-
able groundtruth infor-
mation, while numerical 
extraction and analysis 
was achieved with a 
Matlab program.
An article by Chidi Nwoke
Multibeam echo sounder backscatter intensity 
measurements have been used to infer seafloor 
properties and segment the seafloor into different 
acoustically different regions. Acoustic backscatter 
strength is dependent on various properties of 
the seafloor, which has direct link to the incidence 
angle of beams in contact with it. In addition, the 
backscatter intensity and its statistical properties 
measured with multibeam systems depend on the 
insonification area and footprint size of the receive 
beams (Parnum and Gavrilov 2012).
Backscatter data collected by multibeam sys-
tems are derived from the backscatter intensity 
which is given by the equation below or its square 
root, which is the instantaneous amplitude com-
monly referred to as a backscatter envelope (Par-
num and Gavrilov 2011).
I(tr) =     ——––––—— σbs(θ)ΦT (θ', φ') ΦR (θ', φ') rdrdφ
Where ΦT (θ’, φ’) and ΦR (θ’, φ’) is the sonar transmit 
and receive beam, σbs is the surface backscatter 
coefficient depending on the incident angle (θ), 
IS is the transmitted signal intensity at R0 = 1m from 
the sonar head, r1 and r2 are the internal and exter-
nal radii which change with elapsed time, and β is 
the attenuation coefficient of sound in water.
The main objectives of this study was to in-
vestigate the possibility of an automatic seafloor 
classification from various backscatter data sets 
acquired from different survey locations with dif-
ferent multibeam systems. Subsequently, results 
obtained from the software were extracted and 
numerically analysed with the aid of Matlab pro-
gramming. This was necessitated as there were 
certain limitations in Fledermaus Geocoder that 
hindered a more efficient numerical analysis of its 
results.
Locations and multibeams utilized
Data was acquired by Fugro Survey operational 
companies with different multibeam systems 
which includes: Reson 8125, Reson 7125, Simrad 
3002, R2sonic 2024, Kongsberg 3002D and was ac-
quired at the Congo Basin, Congo DRC, Akun and 
Tanjik Island, USA, Cornwall, UK Sector, North Sea, 
East Anglia, UK sector, North Sea and River Tamar, 
Davon, UK respectively, and with file formats such 
as XTF, XTF/GSF pair, and .all; raw files readable in 
Geocoder. Limited groundtruth data was available 
for most locations and with little or no information 
about the nature of the seafloor for couple of the 
areas investigated.
Data processing
The main software used for this research work 
was Fledermaus Geocoder Toolbox (FMGT). 
FMGT works by extracting several parameters 
from stacks of consecutive sonar pings. The aver-
age angular response is then compared to mod-
els that link acoustic backscatter observations to 
seafloor properties. The inversion of the model 
produces estimates of various seafloor geotech-
nical properties, which can be used to predict 
the substrate properties of the seabed (Fonseca 
et al. 2005). Various corrections are applied to 
account for, absorption, spreading loss, beam 
pattern correction, transmit power, receiver gain 
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Fig. 1: Seafloor distribution 
types for River Tamar 
(finalised in ArcMap)
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Mean backscatter strengths for all locations 
suggest that seafloor types with higher grain 
sizes had higher backscatter return with less ab-
sorption effects and greater impedance values. 
For instance, fine to medium sand sediments had 
mean returns of about –20dB, silty sediments 
around –25dB and clayey sediments often ex-
ceeding –30dB. Expectedly, weaker return signals 
are more evidenced for seafloor types having 
lower pore elasticity strengths within its molec-
ular structure (e.g. silt and clay, Fig. 3) and thus 
leading to higher porosity and lower bulk density 
with decrease in the impedance contrast overlay-
ing the seafloor.
Validation of the results numerically in Matlab 
indicates high accuracy in grain sizes estimation 
for all sediments in comparison to the standard 
Wentworth scale describing a range of sediment 
types and their grain sizes range. In addition, 
there was also good consistency in grain size es-
timates for seafloor types common to all the sur-
vey locations, further underlying the strength of 
FMGT. “
obtain estimates of the surface scattering coef-
ficient.
Results
Mean backscatter strength collected with the Sim-
rad 3002 is shown in Fig. 1. The data represents the 
distribution of predominantly coarse silt to clay 
sediments with low mean backscatter strengths 
of around –30dB. The lower return strengths is 
largely due to greater absorption effects on the in-
cidence beam as was evident in smaller grain size 
sediments with equally lower impedance contrast. 
Results suggest the presence of muddy layers and 
are characteristic for the river Tamar which has a 
predominance of mudflats.
Fig. 2 clearly indicates the discrimination be-
tween different seafloor types as is reflective in 
the colour variation. Little information is known 
about the geology of the area, but available 
groundtruth information suggests that the predic-
tion made by FMGT (very fine sand) correlated well 
and corresponds to fine sand sample obtained by 
groundtruthing.
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Fig. 2: Seafloor distribution 
types for Tanjik Island.  
ARA response curves fits 
well the model after beam 
pattern correction with the 
groundtruth information
Fig. 3: Sediment grain size 
distribution with backscatter 
returns for the Cornwall 
location. Greatest backscatter 
return is evidenced with 
higher grain size sediments, 
while weak returns are more 
common with silty, clayey and 
muddy mixed sediments
